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BLA99-0128

EXECU-I-IVE  SUMMARY

lnfliximab (Remicade, cA2) is a chimeric IgGlK  monoclonal antibody produced by a recombinant cell line from a
genetically-engineered form of the mouse monoclonal antibody prototype, A2. lnfliximab binds with high affinity to
soluble and transmembrane  human TNFa. The resultant inhibition of TNFa  binding with its receptors prevents the
biological activities of TNF a including: induction of pro-inflammatory cytokines such as IL-1 and IL-6, and
enhancement of leukocyte migration and activation. lnfliximab is normally-glycosylated and has an approximate
molecular weight of 149,100 daltons.

lnfliximab is currently licensed for the reduction of signs and symptoms in rheumatoid arthritis (RA) patients who
have an inadequate response to methotrexate. It is also licensed for the reduction of signs and symptoms in
Crohn’s disease. This supplement to the BLA (sBLA) contains safety, efficacy and pharmacokinetic (PK) data in
support of a revised indication for RA: for the treatment of patients with RA in combination with methotrexate (MTX)
for the reduction of signs and symptoms in patients who have had an inadequate response to MTX.

The sBLA contains PK results from 6 studies. Serum infliximab levels were collected in ail 6 studies but the
derivation of PK parameters (e.g., clearance, volume of distribution) was performed in only 3 of these 6 studies
(protocols COl68TO9,  COl68TlW  7, CO1  68Tl8).  Four of the 6 submitted studies investigated a prototype, -
formulation whereas only l/6  investigated the to-be-marketed, lyophilized formulation (protocol TOl68T22).  One
study investigated both formulations (protocol COl68Tl8).  Varying intravenous doses were studied including I, 3, 5,
IO and 20 mg/kg. In addition to single dose, different dose schedules were also studied including every-2-weeks for
3 doses (protocol COl68TO7),  at weeks 0,2,4,  10 and 14 (protocol COl68Tl4),  every-8-weeks for 3 doses
(CO1 68TlW  7), and at weeks 0,2 and 6 followed by either every-4-weeks or every-8-weeks (protocol CO1 68T22).
Finally, only 3 studies (protocols COl68Tl4  [l/2 the subjects], COl68Tl5/17,  COl68T22)  required the concurrent
administration of MTX,  as proposed for this new indication.

The data generally support a dose-proportional PK profile for the 3 and 10 mg/kg dose levels of infliximab plus MTX.
A dose-efficacy response or concentration-efficacy relationship is not evident for either the 3 or the 10 mg/kg dose
level when given every-4-weeks or every-8-weeks with MTX.  However, in the absence of concurrent MTX
administration, a dose/concentration- efficacy relationship was evident in l/6 studies (protocol COl68Tl4).  A
dramatic decrease in serum infliximab concentration for the 1 mg/kg dose given without concurrent MTX was
associated with a definite decline in efficacy. The PK results for the proposed 3 mg/kg dose, and for the IO mg/kg
dose, did not demonstrate the same degree of decline in concentration in the absence of concurrent MTX use.

HACA formation is a possible reason for the increase in infliximab Cl and resultant decrease in serum concentration.
Fifty-seven percent of subjects who received 1 mg/kg without MTX became HACA positive versus only 25% and
10% in the 3 and IO mg/kg groups, respectively.

The PK data from 1 of the 6 studies (protocol COl68TO9)  revealed a statistically significant gender-related difference
in clearance (Cl) with males having a consistently higher median Cl than females. This difference was most
predominant for the lowest dose studied, I mg/kg. The difference for the proposed 3 mg/kg dose was very slight.
An associated change in median volume of distribution was not seen. This difference in Cl was not found in the
other 2 studies where derivation of PK parameters was performed however the sample size in each was small.

The reason for this difference in Cl has yet to be determined although HACA formation once again may be involved,
especially given the lack of concurrent MTX administration. Sixty percent of males, compared to 35% of females,
were HACA positive in the 1 mg/kg dose group. The difference in median Cl was associated with a difference in
exposure based on the median area-under-the-curve (AUC) but the clinical impact of these differences is not readily
apparent in this study based on the data submitted. The gender-related difference in median Cl, and resultant
median AUC, was not as pronounced for the proposed dose of 3 mg/kg.

At this time, insufficient data are available to comment upon the trend noted in the safety database of a greater
frequency of liver function enzyme elevation and stomatitis (known MTX-related adverse events) in subjects
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receiving infliximab and MTX compared to those subjects receiving infliximab alone. If warranted based on post-
marketing surveillance, a format drug-drug interaction study could be conducted.

The potential for adverse events s&h as serum sickness upon re-initiation of infliximab therapy is unknown due to
the lack of a database comprised of the pertinent population that is of sufficient size.

The PK results submitted in this sBLA do not present a barrier to licensure of the proposed dosing regimen of 3
mg/kg infliximab. The Pediatric Rule applies to this sBLA and been addressed with the sponsor by Dr. Barbara
Matthews.
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Clinical Pharmacology Review of BLA 99-0128 (infliximab, Remicade)

aPK Studies Summary:

1 .

2.

3.

4.

5.

6.

Protocol CO1 68TO7 Review on Page 3

Phase 1 Study of Chimeric Anti-TNF in Patients with Rheumatoid Arthritis; an open-label, safety, tolerance,
immunogenicity, pharmacokinetics and clinical response trial with infliximab in patients with advanced
rheumatoid arthritis. Subjects were given either an infusion of 10 mg/kg inflixtmab that was repeated 2 weeks
later (n= 15) or 4 infusions of 5 mg/kg every 4 days (n= 5). There was also an extended treatment phase where
eligible subjects received 3 additional infusions of 10 mg/kg at 2 week intervals. This protocol used only the
- Formulation of infliximab and did not investigate the to-be-marketed lyophilized formulation. Treatment with
methotrexate was excluded.

Protocol CO1 68TO9 Review on Page 5

Placebo Controlled Phase 2 Study OF  Chimeric Anti-TNF in Patients with Rheumatoid Arthritis; 3-arm,
multicenter,  randomized, double-blinded, single-dose, pharmacokinetic trial in subjects with advanced
rheumatoid arthritis and an escape clause at 6 months for lack of response or relapse OF  disease. Doses
studied were 1 or 10 mg/kg iv during the blinded phase and I, 3, IO, or 20 mg/kg iv during the open-label phase.
This protocol investigated only the - formulation. Concurrent use of methotrexate was not permitted.

Protocol CO1 68Tl4 Review on Page 14

Phase 2 Multicenter Study of Chimeric Anti-TNF Monoclonal Antibody (infliximab) in Adjunct to Methotrexate
Treatment in Patients with Rheumatoid Arthritis. A randomized 7-parallel arm, multicenter, double-blind,
placebo-controlled study that examined the safety, efficacy and PK OF  1, 3, and 10 mg/kg infliximab iv with or
without concurrent use OF  methotrexate 7.5 mg/week.  lnfliximab doses were given on Day 0, and Weeks 2,4,
10 and 14. There were 15 subjects per arm. The B formulation was used.

Protocol CO1 68Tl5/Tl7 Review on Page 19

Single-Dose (Tl5)/ Repeat-dose treatment extension (T17) Study of Chimeric Anti-TNF Monoclonal Antibody
(infliximab) in Patients with Active Rheumatoid Arthritis Who Are Receiving Methotrexate Therapy. This was a
Phase 2 trial using the - formulation of infliximab in subjects receiving a stable course of methotrexate. In
Tl5, a single dose of placebo, 5, 10 or 20 mg/kg iv was given; there were 7 subjects per dose level. In T17, 23
subjects received 10 mg/kg iv x 3 every 8 weeks.

Protocol COl68Tl8 Review on Page 23

Tumor Necrosis Factor (TNF) Blockade in Patients with Rheumatoid Arthritis: Mechanisms OF Action; an open-
label, single-dose study in IO subjects with active rheumatoid arthritis given IO mg/kg iv. One goal of the
protocol was to compare the PK profile of the to-be-marketed lyophilized formulation (n= 5) to the -
Formulation used in prior protocols (n= 5).

Protocol CO1 68T22 Review on Page 25

A placebo-controlled, double-blinded, randomized clinical trial OF  anti-TNF chimeric monoclonal antibody (cA2;
infliximab) in patients with active rheumatoid arthritis despite methotrexate treatment (ATTRACT). This is a 5-
arm, multicenter, Phase 3 study in subjects with rheumatoid arthritis who are on a stable dose of at least 12.5
mg/week  of methotrexate. The dose levels are placebo, 3 or 10 mg/kg iv. All dose levels are given at week 0,2
and 6 followed either by every 4 week dosing thereafter (placebo, 3 and IO mg/kg) or every 8 weeks thereafter
(3 or IO mg/kg).  The lyophilized Formulation is being administered (lots -* , and
- Study dates: 3/97  - ongoing; the results from 3/97  to 8/98  (n= 200) have been submitted in this BLA.
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lndibidual  Study Review: *

In General

Proposed dosing regimen: 3 mg/kg iv once during weeks 0,2, and 6 and then q 8 weeks, in combination
with methotrexate (MTX).

infliximab assay: a polyclonal rabbit antibody-based sandwich enzyme immunoassay (EIA) was used to
determine serum infliximab concentrations (limit of detection [LOD]= 0.390 ug/mL) for protocols TO7and  TO9.
In protocols Tl4, Tl5/17,  Tl8 and T22,  serum concentrations of infliximab were determined with a
monoclonal-based enzyme immunoassay (EIA) method (LOD= 0.10 ug/mL).

HACA assay: human antichimeric antibody (HACA) levels were determined with a “double antigen” analysis
format. This assay is unable to determine the HACA concentration if free infliximab is present in the serum.
To date, the sponsor has been unsuccessful in overcoming this problem.

PK parameter derivation: when planned for in a protocol, pharmacokinetic (PK) parameters were derived
using noncompartmental methods: AUCO-inf and AUMC were calculated using a combination of linear and
log-linear trapezoidal rules with extrapolation to infinity; dose-normalized AUC (AUCIdose),  Cmax (by
observation), Cl (Cl=dose/AUC),  Vdss (Vd =MRTxCl),  MRT was calculated from AUMCIAUC  without
correction for the 2 hour infusion time which is negligible relative to the terminal half-life; terminal rate
constant and tl/2  were obtained by log-linear regression. The Wilcoxon Rank Sum Test was used to
determine statistical significance.
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1. Protocol COl68TO7:  Phase I Study of Chimeric Anti-TNF in Patients with RA.

Methods

This protocol was for an open-label, safety, tolerance, immunogenicity, PK and clinical response trial  in patients
with advanced RA. Subjects were given either an infusion of 10 mg/kg inffiximab that was repeated 2 weeks .
later (n= 15) or 4 infusions of 5 mg/kg infliximab every 4 days (n= 5). A test dose was used: 0.1 ml- diluted to
IO mL with normal saline and given iv over 5 minutes. There was also an extended treatment phase where
eligible subjects received 3 additional infusions of 10 mg/kg at 2 week intervals. This protocol used only the
,- formulation of infliximab (lot - and did not investigate the to-be-marketed (TBM) lyophilized
formulation. Subjects were required to have halted disease modifying antirheumatic drugs (DMARD) therapy at
least 4 weeks prior to treatment. Concomitant DMARD therapy was excluded. Concurrent and stable use of
oral steroids or NSAlDs was permitted. Study dates: 5192 - 7/94.

Serum infliximab concentration was measured at predose and at I, 2,4,8,  12, and 24 hours after completion of
the first and last infusions; if possible, a 48-hour sample was also obtained. For those subjects receiving
treatment every 4 days, samples were also obtained before and at 1 and 24 hours after the second and third
infusions. No plans were included in the protocol for the derivation or analysis of PK parameters. HACA levels
were determined periodically for 8 weeks after the start of treatment.

Results

All subjects completed all infusions except Subject 01015 who developed bronchitis and did not retieive the
second dose of 10 mg/kg. Total infusion volume was 300 mL and duration was 2 hours. Ten subjects who
demonstrated a clinical response to infliximab participated in the extended treatment phase.

PK

Individual subject data and summary statistics for the serum infliximab concentrations were submitted but PK
parameters were not reported. The log concentration v. time curves are located on the next page.
Accumulation was seen in the subjects receiving 5 mg/kg every 41h  day whereas accumulation was not found in
the subjects receiving 2 doses of 10 mg/kg dose separated by 14 days. Otherwise, the PK information from this
protocol is not very helpful.

HACA

Evaluable HACA levels were found in 13/26  subjects; the remaining samples were not evaiuabie due to the
presence of infliximab in the serum samples. O/4 evaluable subjects in the 5 mg/kg arm, l/7  subjects in the 10
mg/kg arm, and 4/6 subjects in the extended phase developed a positive HACA response. This produced a total
HACA response of 5/13 (39%) where 2/5 had titers of 1:20,2/5  had I :80, and l/5 had I :20480. The subject with
the I :20480 titer first developed HACA after the first dose in the extended phase after receiving 5 mg/kg during
the initial phase of the study. This subject was asymptomatic until after the third dose in the extended phase
when mild flushing, fever and headache occurred.
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Centocor  Clinical Study Report .: COI68TO7

12 16 20
Hours Following End of Infusion (Day 1)

Infusions (5 mgkg  c&Z) 4 + + 4
II=5 5 5 5

Infusions (10 mgkg  cA2) + 4
n=  15 13

Figure 1 Median serum cA2 concentration over the first 24 hours following the end of
the first cA2 infusion (top panel) and median cA2 serum concentration over
time for the 2 treatment groups during the core study (bottom panel).

.
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2. Protocol COl68TO9:  Placebo Controlled Phase 2 Study of Chimeric Anti-TNF in Patients with M.

Methods

This protocol was for a 3-arm, multicenter, randomized, double-blinded, single-dose, PK trial in subjects with
advanced RA with an escape clause at 4 weeks for lack of response, or at up to 6 months for relapse of
disease. This was a 2-phase study: a blinded phase, and an open-label phase. A single dose of placebo, 1 or
10 mg/kg iv was given during the blinded phase (n= 24/dose level except for n= 25 for the 1 mg/kg group). A
single dose of 3, IO, or 20 mg/kg iv was given during the open-label phase (n= 33, 16 and 17, respectively).
Only the -- “ormulation (lot - was given. DMARD therapy was halted at least 4 weeks prior to, and
during, the study. Concurrent and stable use of oral steroids or NSAlDs was permitted. Study Dates: 9/93 to
9194.

Serum infliximab levels were measured at predose and at 5 minutes, 1,2,4,8,  12,24  and 72 hours, i, 2,4
weeks, and 2 and 4 months postinfusion (during both the blinded and open-label phases). Derivation of PK
parameters was planned. HACA monitoring was performed during the blinded and/or open-label infusion at
predose, 2 and 4 weeks, and 2,4 and 6 months after the infusion(s) if the subject was still responding.

Results

FK

The final PK assessment was based on n= 25 for the 1 mg/kg dose, n= 14 for the 3 mg/kg, n= 29 for the 10
mg/kg, and n= 3 for the 20 mg/kg dose. The PK data from the 20 mg/kg group will not be evaluated due to the
small sample size. The variable total sample sizes were due to the inclusion of PK data from subjects given
placebo originally who then entered the open-label phase. Three subjects (1 initially given I mg/kg, and 2
initially given IO mg/kg) did not return to a baseline serum infliximab level prior to entering into the open-label
phase but the levels are not significantly high enough to confound the PK assessment. Exposure increased in a
dose-proportional manner from 1 to 3 mg/kg and in a slightly greater than dose-proportional manner from 3 to 10
mg/kg. There was an associated decrease in the median CL, especially from 3 to +tO mg/kg, without a clinically
significant change in the Vss. Accordingly, the elimination tl/2  increased with increasing dose level with a
median value of 192 hrs (8 days) for the 3 mg/kg dose (single dose and without concomitant MTX). A table of
these results, and a log concentration v. time curve can be found on pages 7-9.

The sponsor’s demographic subset analysis revealed a statistically significant difference in median Cl between
males (n= 16) and females (n= 55) across all dose levels (20.8 v. 13.4 mL/hr, respectively; p= 0.008). This
difference was not associated with a significant difference in Vd between males and females. There was no
relationship to age or weight. As shown in the table on page IO, when the database is subdivided by dose, the
difference in median Cl between males and females is found to be greatest for the 1 mg/kg dose:

Dose Median difference in Cl between genders

1 mg/kg 12 mL/hr
3 mg/kg 4.9 mL/hr
IO mglkg 6.4 mL/hr

The greater difference in median Cl for the 1 mg/kg dose may be related to greater HACA formation. A table of
the summary PK results by gender and HACA status for the 1 mg/kg dose located on page 11 demonstrates that
60% (3/5) of the males had a positive titer (A 140  or less) versus 35% (7/20) of the females. Limitations of these
data include the small sample size-- especially for the males, the single-dose nature of the database, and the
lack of concurrent MTX use (which can affect HACA formation).

The summary PK results by gender and HACA status for the 3 mg/kg and for the 10 mg/kg doses can be found
on pages 12 and 13, respectively. As for the 1 mg/kg dose, slightly higher median Cl is found in the HACA+
subjects regardless of gender for the 3 mg/kg dose. A slightly higher median Cl is also found in males
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compared to females, regardless of HACA status. For the 10 mg/kg dose, HACA status did not impact on the
median Cl in females, however once again, males had a slightly higher median Cl compared to feemales.
The impact on median AUC of these differences in Cl due to gender was examined (see the table on page IO),
For the proposed dose of 3 mg/Rg,  a difference of 1292 ug/mL*hr  was found in the median,AUC between males
and females with the males having the higher median AUC. Based on HACA status (table on page 12),  HACA+
subjects clearly had a lower median AUC compared to the HACA- subjects:

HACA+

Median AUC
females

8405 (n= 4)

males

7450 (n= 1)

HACA- 12720 (n= 6) 11639 (n= 3)

UACA

During the blinded phase, 45/49 subjects had evaluable HACA results of which 16/45  (35.6%) were positive.
The 1 mg/kg dose group had a higher proportion of positive HACA (10/24=  42%) than did the IO mg/kg dose
group (6/21= 29%). All of the titers were I:40 or less.

13/l  6 subjects who were HACA positive after the blinded infusion proceeded to receive a second infusion during
the open label phase. 8 of these 13 (62%) subjects remained positive after the open-label infusion; for 6/8,  the
titer was I:80 or greater. Interestingly, the 2/8 subjects with the highest titer (1:1280, 15120) did not experience
any AE’s whereas 5/8 of subjects with titers of I:20 to 1:80  had either mild urticana (n= I), mild pruritus (n= 1) or
prolonged hospitalization (n= 3) due to infusion-related moderate fever and erythematosus rash, mild
drowsiness, severe arthralgia/myalgia, or mild to moderate nausea/vomiting.

49 subjects who were HACA negative after the blinded dose proceeded to the open-label phase and had
evaluable HACA assay results. 21 of these 49 (43%) became HACA positive after the open-label infusion. The
titers for these subjects tended to not be as elevated; only 2 subjects had a titer greater than 1:40  (1:80,  1:640),
There were no reports of AE’s.
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